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TONSILLECTOMY IS ONE OF THE

most frequently performed sur-
gical procedures in children. In
1998, the rate varied from 19

per 10 000 children in Canada to 118
per 10 000 in Northern Ireland.1 In the
United States, about 186 000 proce-
dures are performed on an outpatient
basis every year.2 Common complica-
tions of tonsillectomy are postopera-
tive nausea and vomiting (PONV), pain,
and bleeding.3 Nonsteroidal anti-
inflammatory drugs (NSAIDs) have
been widely used in this setting for their
pronounced analgesic efficacy and a
lack of the emetogenic effect inherent
to opioids. However, classic NSAIDs,
through reversible platelet inhibition,
further increase the risk of bleeding af-
ter tonsillectomy.4,5

Dexamethasone has antiemetic
properties in the surgical setting.6 An
international expert panel recom-
mended dexamethasone, alone or as
part of a multimodal regimen, for
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Context Dexamethasone is widely used to prevent postoperative nausea and vom-
iting (PONV) in pediatric tonsillectomy.

Objective To assess whether dexamethasone dose-dependently reduces the risk of
PONV at 24 hours after tonsillectomy.

Design, Setting, and Patients Randomized placebo-controlled trial conducted among
215 children undergoing elective tonsillectomy at a major public teaching hospital in
Switzerland from February 2005 to December 2007.

Interventions Children were randomly assigned to receive dexamethasone (0.05,
0.15, or 0.5 mg/kg) or placebo intravenously after induction of anesthesia. Acetami-
nophen-codeine and ibuprofen were given as postoperative analgesia. Follow-up con-
tinued until the 10th postoperative day.

Main Outcome Measures The primary end point was prevention of PONV at 24
hours; secondary end points were decrease in the need for ibuprofen at 24 hours and
evaluation of adverse effects.

Results At 24 hours, 24 of 54 participants who received placebo (44%; 95% con-
fidence interval [CI], 31%-59%) had experienced PONV compared with 20 of 53 (38%;
95% CI, 25%-52%), 13 of 54 (24%; 95% CI, 13%-38%), and 6 of 52 (12%; 95%
CI, 4%-23%) who received dexamethasone at 0.05, 0.15, and 0.5 mg/kg, respec-
tively (P�.001 for linear trend). Children who received dexamethasone received sig-
nificantly less ibuprofen. There were 26 postoperative bleeding episodes in 22 chil-
dren. Two of 53 (4%; 95% CI, 0.5%-13%) children who received placebo had bleeding
compared with 6 of 53 (11%; 95% CI, 4%-23%), 2 of 51 (4%; 95% CI, 0.5%-
13%), and 12 of 50 (24%; 95% CI, 13%-38%) who received dexamethasone at 0.05,
0.15, and 0.5 mg/kg, respectively (P=.003). Dexamethasone, 0.5 mg/kg, was asso-
ciated with the highest bleeding risk (adjusted relative risk, 6.80; 95% CI, 1.77-16.5).
Eight children had to undergo emergency reoperation because of bleeding, all of whom
had received dexamethasone. The trial was stopped early for safety reasons.

Conclusion In this study of children undergoing tonsillectomy, dexamethasone de-
creased the risk of PONV dose dependently but was associated with an increased risk
of postoperative bleeding.

Trial Registration clinicaltrials.gov Identifier: NCT00403806
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PONV prophylaxis in adults and chil-
dren.7 It has been suggested that, espe-
cially in children undergoing tonsillec-
tomy, dexamethasone is useful, not
only for its antiemetic but also for its
analgesic effects, and that it should be
used routinely because the adverse
effects and cost appear negligible.8-11

Indeed, dexamethasone for tonsillec-
tomy has become standard care in
many institutions.12

The dose response of dexametha-
sone for prevention of PONV symp-
toms in pediatric tonsillectomy re-
mains unclear, although doses up to 1
mg/kg have been tested.13-16 Also, the
adverse effect profile has not yet been
established. Finally, if dexamethasone
were indeed analgesic in this setting,
fewer postoperative analgesics such as
NSAIDs would be needed postopera-
tively and, theoretically, patients would
be less at risk of postoperative bleed-
ing. We set out to address these issues
in a randomized, placebo-controlled,
dose-finding study. That trial had to be
stopped prematurely for safety rea-
sons.

METHODS
Study Population, Intervention,
and Protocol

We recruited study participants from
the University Hospital of Geneva, Swit-
zerland. This is the only public hospi-
tal in Geneva (population, 450 000).
Children aged 2 to 17 years scheduled
for elective adenotonsillectomy for re-
current tonsillitis or sleep apnea were
eligible to enter the study. Children
were excluded if they had a history of
allergy or hypersensitivity to dexameth-
asone, recent (�1 month) therapy with
steroids or immunotherapy, mental re-
tardation, if they had taken antiemetic
medication within 24 hours before sur-
gery, or if they had diabetes, recent vac-
cination (�1 month), or varicella in-
fection (�1 month).

In accordance with published rec-
ommendations,17 and because for sur-
gical patients without liver dysfunc-
tion or history of oral anticoagulant use
routine testing has no benefit in assess-
ment of bleeding risk,18 no routine pre-

operative blood tests for bleeding dis-
orders were performed. However,
children in whom a hemostasis disor-
der was suspected through patient or
family history or those who were tak-
ing aspirin, classic NSAIDs, or other
drugs that were interfering with coagu-
lation were not considered for inclu-
sion in the study.

The study was approved by the in-
stitutional ethics committee and the
Swiss agency for therapeutic products
(Swissmedic). Written informed con-
sent was obtained from parents and also
from children if they were able to read
and sign a specifically designed infor-
mation sheet.

Procedures

Children were randomly assigned to 1
of 4 groups: dexamethasone 0.05, 0.15,
or 0.5 mg/kg, or placebo (physiologi-
cal saline). Randomization was done in
blocks of 40 children (10 per group).
Study medications were produced and
randomized (using colored balls) by the
pharmacy of Geneva University Hos-
pital as indistinguishable 20-mL sy-
ringes and were injected intrave-
nously on a milliliters-per-kilogram
body weight basis (maximum dose of
dexamethasone, 20 mg) after induc-
tion of anesthesia.

Children received oral midazolam,
0.3 mg/kg (maximum dose, 10 mg), as
a premedication. Anesthesia was in-
duced with sevoflurane or propofol and
was maintained using a volatile anes-
thetic. Alfentanil was used for intraop-
erative analgesia. According to the an-
esthesiologist’s preference, the trachea
was intubated with or without a non-
depolarizing neuromuscular blocking
drug. During surgery, children re-
ceived rectal acetaminophen, 40 mg/kg
(maximum dose, 750 mg), and 20 to
25 mL/kg of a balanced salt solution
with 1% glucose. In case of residual pa-
ralysis, reversal was with intravenous
neostigmine, 0.05 mg/kg, and gly-
copyrrolate.

For tonsillectomy, 2 to 4 mL of
bupivacaine 0.25% with epinephrine
1:200 000 was infiltrated around the
tonsils. Classic complete tonsillectomy

with dissection in the pericapsular
plane was performed in all children.
One of 3 surgical techniques was used
according to the surgeon’s preference:
a cold technique (dissection with cold
steel instruments, hemostasis with
gauze compression), a hot technique
(dissection and hemostasis with elec-
tric bipolar forceps),19 or a combina-
tion of both. No packings were used.

After surgery, children were trans-
ferred to the postanesthesia care unit
and 2 hours later to the ward, where
they stayed overnight. In the postan-
esthesia care unit, children received in-
travenous boluses of morphine, 0.03
mg/kg, as analgesia. On the ward, an-
algesia was with oral or rectal acetami-
nophen-codeine (maximum daily dose
of acetaminophen, 50 mg/kg). When
pain relief was considered inadequate
(see below), ibuprofen was added
(maximum daily dose, 30 mg/kg). Chil-
dren were free to eat and drink as soon
as the surgeon confirmed through vi-
sual examination the absence of bleed-
ing from the tonsillar bed. Children
were discharged home the day after sur-
gery. Analgesia at home was identical
as on the ward.

End Points and Definitions

The primary objective was to investi-
gate the dose-effect relationship of dexa-
methasone for the prevention of PONV
at 24 hours. Vomiting was the forcible
ejection of contents of stomach through
the mouth. Retching (ie, the unpro-
ductive effort to vomit) was consid-
ered vomiting. Nausea was recorded if
the child was able to express it. Res-
cue medication for PONV was with in-
travenous ondansetron, 50 µg/kg.

The secondary objective was to in-
vestigate the potential analgesic effi-
cacy of dexamethasone. Pain intensity
was recorded using 1 of 3 pain scales
according to age and comprehension of
the child: a 0- to 10-point visual ana-
log scale (VAS), the 0- to 10-point re-
vised Faces Pain Scale (rFP),20 or the
4- to 13-point Children of Eastern On-
tario Pain Scale (CHEOPS).21 A VAS or
rFP score of less than 3 and a CHEOPS
score of less than 8 were regarded as ad-
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equate pain relief. The number of chil-
dren needing morphine in the postan-
esthesia care unit and those needing
ibuprofen during the first 24 hours were
recorded.

Other outcomes included capillary
serum glucose level after induction
and at the end of surgery, delay until
the first oral intake, and, using a 0- to
10-point scale, the child’s quality of
sleep and the nurses’ and parents’
overall satisfaction.

Bleeding episodes were separated
into 3 categories: category 1, a history
of bleeding leading to readmission but
without evidence of bleeding at medi-
cal examination; category 2, readmis-
sion due to bleeding with evidence of
bleeding at medical examination but
no need for reoperation; and category
3, emergency reoperation due to
bleeding.

In the postanesthesia care unit and
on the ward until discharge at 24 hours,
recordings were made by nurses. Par-
ents were given a questionnaire to be
filled in daily after discharge and were

asked to bring it back to the routine sur-
gical follow-up, which was scheduled
for all children after 10 days. How-
ever, parents were instructed to come
back to the otolaryngology outpatient
clinic or to the emergency department
in case of serious adverse events. They
received oral and written instructions
to provide an exclusively cold or room-
temperature soft diet.

Early Termination of the Trial

The randomization code was broken af-
ter 200 children to allow for an in-
terim analysis. This unplanned analy-
sis was triggered by a surprisingly high
number of postoperative bleeding epi-
sodes in study participants and the de-
cision of the university hospital to trans-
fer these interventions from the division
of Otolaryngology–Head and Neck Sur-
gery to the children’s hospital. The un-
expected management decision was
likely to threaten the successful termi-
nation of the study. There was an in-
tention to continue enrollment, had the
primary end point (significant dose re-

sponse for PONV; P� .005) not been
achieved at this time point. For that rea-
son, only 2 of us (N.E. and M.R.T.) were
given access to the randomization code;
all other investigators remained un-
aware of group assignment. This in-
terim analysis revealed a statistically sig-
nificant and dose-dependent antiemetic
effect of dexamethasone at 24 hours.
However, the analysis also revealed a
significant increase in the number of
hemorrhages in children who had re-
ceived dexamethasone.

After having consulted the institu-
tional ethics committee, we stopped
the trial prematurely. This shared
decision was driven by 4 issues. First,
study participants were children. Sec-
ond, posttonsillectomy hemorrhage is
a potential major harm. Third, at the
time point of the interim analysis, the
main end point of the study was
already well documented. And fourth,
in this context, dexamethasone could
not be regarded as a vital treatment
and without alternative. When the
trial was stopped, 215 children had

Figure 1. Participant Flow

53 Included in 10-d analysis
1 Excluded (lost to follow-up)

51 Included in 10-d analysis
3 Excluded (lost to follow-up)

53 Included in 10-d analysis
1 Excluded (did not undergo

adenotonsillectomy)

50 Included in 10-d analysis
3 Excluded

1 Received corticosteroids
intraoperatively and postoperatively

2 Lost to follow-up

53 Completed 10-d follow-up
1 Lost to follow-up at 10 d (did not

have bleeding during first 24 h)

53 Completed 10-d follow-up
0 Lost to follow-up

51 Completed 10-d follow-up
3 Lost to follow-up (did not have

bleeding during first 24 h)

50 Completed 10-d follow-up
2 Lost to follow-up (did not have

bleeding during first 24 h)

549 Children assessed for eligibility

215 Randomized

54 Included in the primary analysis
of PONV at 24 h

54 Included in the primary analysis
of PONV at 24 h

53 Included in the primary analysis
of PONV at 24 h

1 Excluded (did not undergo
adenotonsillectomy)

52 Included in the primary analysis
of PONV at 24 h

1 Excluded (received corticosteroids
intraoperatively and postoperatively)

54 Randomized to receive placebo and
received placebo as randomized

54 Randomized to receive dexamethasone
0.05 mg/kg and received study drug
as randomized

54 Randomized to receive dexamethasone
0.15 mg/kg and received study drug
as randomized

53 Randomized to receive dexamethasone
0.5 mg/kg and received study drug
as randomized

54 Completed 24-h follow-up 54 Completed 24-h follow-up53 Completed 24-h follow-up
1 Did not undergo adenotonsillectomy

52 Completed 24-h follow-up
1 Received corticosteroids intra-

operatively and postoperatively

334 Excluded

PONV indicates postoperative nausea and vomiting.
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been randomized. To ensure that all
bleeding episodes had been identified
(ie, including those that happened
after the 10-day follow-up), 2 sur-
geons (B.N.L. and R.G.), who were
still unaware of study group assign-
ment, reviewed the medical records of
all randomized children to look for
any emergency admission after the
10-day follow-up.

Statistical Analyses

We expected a cumulative 24-hour
PONV incidence of 50%. A reduction
to 25% was regarded as a relevant im-
provement in this context.22 Seventy
children were required in each group
for 80% power to detect such a reduc-
tion with a significance level of .05. We
intended to randomize 80 children in
each group to allow for dropouts. A post
hoc power analysis revealed that with
50 children per group (ie, at the time
of the interim analysis), the power to
study the antiemetic efficacy of dexa-
methasone was 67%.

Baseline characteristics were com-
pared using the Mann-Whitney or
Pearson �2 test as required. Dexameth-

asone groups were individually com-
pared with the placebo group. A
2-sided P�.05 was considered statisti-
cally significant.

The crude associations between
dexamethasone groups and outcomes
were analyzed using simple univariate
analyses. Variables identified as poten-
tial confounding factors in previous
studies were then introduced into a bi-
variate logistic regression model in-
cluding dexamethasone exposure, out-
come, and the potentially confounding
factor. Crude and adjusted estimates
were compared to assess the degree of
confounding; variables were consid-
ered confounders if the estimates dif-
fered by more than 10%. A multivari-
ate logistic regression model was then
built that included all potential con-
founding factors. If the exclusion of a
variable from the model did not de-
crease its fit to the data (assessed by a
likelihood ratio test comparing a model
including the variable with the nested
model excluding it; P� .10) and in-
creased its goodness of fit (assessed by
a higher P value of the Hosmer-
Lemeshow test grouped on 10 quan-

tiles), the variable was excluded from
the multivariate model. Odds ratios
were converted to relative risks. Colin-
earity was assessed by comparing the
standard errors from the crude and the
adjusted models. Interactions be-
tween exposure and potential con-
founders were not systematically as-
sessed because of a lack of a priori
hypotheses.

Departure from linear trend was
assessed using the likelihood ratio test
comparing logistic regression models
considering dexamethasone doses as
categorical or continuous variables. A
linear relationship was assumed if
P� .10. If the P value of the Wald test
on the logistic regression coefficient
was �.05, the dose-response relation-
ship was considered significant.

Kaplan-Meier curves were built to il-
lustrate the time to the first bleeding
episode for each group separately;
groups were compared using the log-
rank test. Analyses at 24 hours were
performed on an intention-to-treat ba-
sis; impact of losses to follow-up was
assessed in sensitivity analyses. Analy-
ses were performed using Stata, ver-

Table 1. Baseline Characteristics of the Study Populationa

Characteristics
Placebo
(n = 54)

Dexamethasone,
0.05 mg/kg

(n = 53)

Dexamethasone,
0.15 mg/kg

(n = 54)

Dexamethasone,
0.5 mg/kg

(n = 52)

Age, median (range), y 6 (3-11) 6 (2-13) 5 (3-12) 6 (2-16)

Body mass index, median (range)b 15.8 (13.1-27.6) 16.0 (11.8-24.0) 15.6 (11.7-24.2) 15.0 (12.5-37.3)

Male 28 (51.9) 26 (49.1) 29 (53.7) 29 (55.8)

Indication for surgery
Obstructive sleep apnea 35 (64.8) 36 (67.9) 36 (66.7) 30 (57.7)

Recurrent tonsillitis 12 (22.2) 4 (7.5) 9 (16.7) 13 (25.0)

Both 7 (13.0) 13 (24.6) 9 (16.7) 9 (17.3)

Anesthesia
Induction with sevoflurane 41 (75.9) 43 (81.1) 41 (75.9) 39 (75.0)

Induction with propofol 13 (24.1) 10 (18.9) 13 (24.1) 13 (25.0)

Use of nitrous oxide 43 (80.0) 31 (58.5)c 36 (67.0) 36 (69.2)

Use of neostigmine 2 (3.7) 2 (3.8) 3 (5.6) 3 (5.8)

Surgery
Tonsillectomy only 3 (5.6) 4 (7.6) 5 (9.3) 7 (13.5)

Adenotonsillectomy 51 (94.4) 49 (92.5) 49 (90.7) 45 (86.5)

Cold technique 4 (7.4) 1 (1.9) 5 (9.3) 3 (5.8)

Hot technique 24 (44.4) 18 (33.9) 19 (35.2) 25 (48.1)

Combined cold and hot techniques 26 (48.2) 34 (64.2) 30 (55.6) 24 (46.2)
aData are expressed as No. (%) of participants unless otherwise indicated. There were no significant differences in baseline characteristics between study groups except as noted

below.
bBody mass index was calculated as weight in kilograms divided by height in meters squared.
cP � .05 by Pearson �2

1 comparing dexamethasone, 0.05 mg/kg, vs placebo.
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sion 9 (Stata Corp, College Station,
Texas), and Microsoft Excel, version
11.3 (Microsoft Inc, Redmond, Wash-
ington).

RESULTS
Patients and Enrollment

Between February 2005 and Decem-
ber 2007, 215 children were ran-
domly assigned to receive placebo
(n=54) or dexamethasone, 0.05 (n=54),
0.15 (n=54), or 0.5 (n=53) mg/kg
(FIGURE 1). All received their as-
signed study treatment. One random-
ized child received corticosteroids in-
traoperatively and postoperatively for
surgical reasons and in another child,
the surgeon, immediately before start-
ing the operation, decided to insert tym-
panostomy tubes but not to perform
tonsillectomy. Both of these children
were excluded from all analyses. Base-
line characteristics were similar in the
study groups except that children as-
signed to dexamethasone, 0.05 mg/
kg, received nitrous oxide less often
(TABLE 1). Six randomized children
were lost to follow-up after they had left
the hospital on day 1.

Postoperative Nausea
and Vomiting

Twenty-four hours after surgery, 24 of
the 54 children who received placebo
experienced at least 1 episode of PONV
(44%; 95% confidence interval [CI],
31%-59%) as did 20 of 53 children who
received dexamethasone, 0.05 mg/kg
(38%; 95% CI, 25%-52%), 13 of 54 chil-
dren who received dexamethasone, 0.15
mg/kg (24%; 95% CI, 13%-38%), and
6 of 52 children who received dexa-
methasone, 0.5 mg/kg (12%; 95% CI,
4%-23%) (P� .001) (TABLE 2). Age and
nitrous oxide use were positive con-
founders. The dose response was sig-
nificant in crude and multivariate analy-
ses and was conf i rmed when
postoperative vomiting only and the
need for rescue antiemetics were ana-
lyzed. Twenty-one children started
vomiting after the 24th hour; in 6, the
last vomiting episode was on the third
postoperative day.

Table 2. Rates of Postoperative Nausea and Vomiting and Need for Rescue Antiemetic (0-24
Hours)

No./Total
(%)

Relative Risk (95% Confidence
Interval)a

P
Valuec

P Value
for

Linear
TrenddUnadjusted Adjustedb

Postoperative nausea
and/or vomiting

Placebo 24/54 (44) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 20/53 (38) 0.85 (0.54-1.34) 0.98 (0.57-1.42)
.001 �.001

0.15 13/54 (24) 0.54 (0.31-0.95) 0.65 (0.33-1.10)
0.5 6/52 (12) 0.26 (0.11-0.58) 0.27 (0.10-0.63)

Postoperative vomiting only
Placebo 23/54 (43) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 12/53 (23) 0.53 (0.29-0.95) 0.64 (0.32-1.04)
.003 .002

0.15 12/54 (22) 0.52 (0.29-0.93) 0.67 (0.35-1.07)
0.5 5/52 (10) 0.23 (0.09-0.55) 0.27 (0.10-0.63)

Need for rescue antiemetice

Placebo 11/54 (20) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 4/53 (8) 0.37 (0.12-1.09) 0.39 (0.12-1.17)
.04 .04

0.15 3/54 (6) 0.27 (0.08-0.92) 0.35 (0.10-1.17)
0.5 2/52 (4) 0.19 (0.04-0.81) 0.17 (0.04-0.79)

aRelative risks compare each dexamethasone group with placebo.
bAdjusted for age, nitrous oxide, and exposure to morphine in the postanesthetic care unit. Adjusting for neostigmine did

not change the point estimates and decreased the goodness of fit of the model.
cP value by likelihood ratio test comparing a multivariate model including dexamethasone dose with a nested model ex-

cluding this variable.
dP value by Wald test on the logistic regression coefficient considering dexamethasone dose as a continuous variable

(calculated when the P value of the likelihood ratio test testing departure from linear trend was �.10).
eRescue antiemetic was ondansetron. Hosmer-Lemeshow test for goodness of fit (10 quantiles) for the adjusted models

was 0.98 for postoperative nausea and/or vomiting, 0.48 for postoperative vomiting only, and 0.72 for need for rescue
antiemetic.

Table 3. Pain Outcomes

No./Total
(%)

Relative Risk
(95% Confidence Interval)a

P
ValuecUnadjusted Adjustedb

Need for morphine in postanesthetic
care unit

Placebo 42/54 (78) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 42/53 (79) 1.02 (0.83-1.24) 0.99 (0.72-1.15)
.42

0.15 36/54 (67) 0.86 (0.68-1.09) 0.83 (0.54-1.05)
0.5 37/52 (71) 0.91 (0.73-1.14) 0.92 (0.64-1.11)

Need for ibuprofen during first 24 h
Placebo 35/54 (65) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 20/53 (38) 0.58 (0.39-0.87) 0.55 (0.32-0.86)
.01

0.15 23/54 (43) 0.66 (0.45-0.95) 0.63 (0.37-0.94)
0.5 20/52 (38) 0.59 (0.40-0.88) 0.59 (0.33-0.89)

Adequate pain relief during first 24 hd

Placebo 13/54 (24) 1 [Reference] 1 [Reference]
Dexamethasone, mg/kg

0.05 17/52 (33) 1.36 (0.73-2.51) 1.43 (0.75-2.31)
.37

0.15 16/54 (30) 1.23 (0.66-2.30) 1.23 (0.62-2.07)
0.5 10/51 (20) 0.81 (0.39-1.69) 0.82 (0.36-1.61)

aRelative risks compare each dexamethasone group with placebo.
bAdjusted for technique of surgery. Adjusting for duration of surgery did not change the point estimate or decreased good-

ness of fit of the model.
cP value by likelihood ratio test comparing a multivariate model including dexamethasone dose with a nested model ex-

cluding this variable.
dVisual analog scale or revised Faces Pain Scale scores of less than 3 out of 10 or Children of Eastern Ontario Pain Scale

scores of less than 8 out of 14. Hosmer-Lemeshow goodness-of-fit test (8 quantiles) was greater than 0.75 for all ad-
justed models.
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Postoperative Analgesia
Children who received dexamethasone
receivedibuprofensignificantly lessoften
as a rescue analgesic during the first 24
hours, independent of the dose of dexa-
methasone (TABLE 3). This was still true
after adjustment for surgical technique.
Dexamethasone did not decrease the
need for morphine in the postanes-
thetic care unit nor did it decrease the
proportion of children with inadequate
pain relief during the first 24 hours.

Further Outcomes

Serum glucose levels at the end of sur-
gery, quality of sleep during the first
night, satisfaction levels of nurses and
parents, delay until first oral intake, and
the number of children who received
antibiotics during the study period were
similar among groups.

Postoperative Hemorrhage
Among the 6 children who were lost to
follow-up, none had a bleeding epi-
sode during the first 24 hours. Among
the remaining 207 children, 22 (10.6%;
95% CI, 6.8%-15.6%) experienced at
least 1 bleeding episode; 4 had 2 epi-
sodes. All episodes occurred within the
10-day study follow-up except 1 cat-
egory 1 episode that was diagnosed ret-
rospectively through chart review and
that had occurred on postoperative day
20 (TABLE 4; FIGURE 2). Fifteen chil-
dren (68.2% [95% CI, 45.1%-86.1%] of
those bleeding) had bleeding diag-
nosed later than the first postopera-
tive day.

Two of the 53 chi ldren who
received placebo (4%; 95% CI, 0.5%-
13%), 6 of 53 (11%; 95% CI, 4%-23%)
who received dexamethasone, 0.05

mg/kg, 2 of 51 (4%; 95% CI, 0.5%-
13%) who received dexamethasone,
0.15 mg/kg, and 12 of 50 (24%; 95%
CI, 13%-38%) who received dexa-
methasone, 0.5 mg/kg, had at least 1
bleeding episode (P=.003) (TABLE 5).
Age was significantly associated with
bleeding risk and was a negative con-
founder of the association. The largest
dose of dexamethasone was associated
with the highest risk of bleeding in
crude and adjusted analyses. Eight
children needed emergency reopera-
tion because of posttonsillectomy
hemorrhage (bleeding category 3);
they had all received dexamethasone
(Table 4). With the largest dose of
dexamethasone, the risk was highest,
although the difference compared
with placebo was only borderline sig-
nificant (P=.05).

Table 4. Characteristics of All 22 Children Who Had a Bleeding Episode

Patient No./Sex/Age, y

Bleeding Categorya Received
Ibuprofen Before

Bleeding

No. of Bleeding
Episodes/Surgeries

for That Surgeon
Indication

for Surgery
Surgical

Techniqueb1 2 3

Placebo
125/M/4c Day 4 Yes 3/24 OSA Combined

215/M/9 Day 3 Yes 6/36 OSA Combined

Dexamethasone, 0.05 mg/kg
47/F/6 Day 0 Yes 6/36 OSA Combined

53/M/3 Day 7 Yes 1/5 OSA Hot

84/F/12c Days 0, 9 No 1/15 OSA, RT Combined

109/F/4 Day 1 No 6/36 OSA, RT Combined

120/M/6 Day 1 Yes 3/17 OSA, RT Combined

203/M/4 Day 5 Yes 2/15 OSA Hot

Dexamethasone, 0.15 mg/kg
49/M/4 Day 10 Yes 2/19 OSA Hot

106/F/11 Day 7 Yes 1/7 OSA Combined

Dexamethasone, 0.5 mg/kg
3/M/4 Day 0 No 3/24 OSA Combined

13/M/16 Days 7, 9 Yes 6/36 RT Combined

27/F/6 Day 5 No 2/8 OSA Hot

40/M/13 Day 7 Day 0 Yes 2/19 RT Hot

89/F/15 Day 4 Day 6 No 3/17 RT Combined

123/M/5c Day 20 No 6/36 OSA, RT Combined

133/F/9c Day 8 No 3/17 OSA Cold

156/M/7 Day 7 Unknown 1/16 OSA Hot

173/F/9 Day 6 Yes 3/24 RT Combined

180/F/5 Day 10 Yes 2/15 OSA Hot

186/F/6 Day 3 Yes 2/8 OSA Hot

196/F/5 Day 0 No 6/36 RT Combined
Abbreviations: OSA, obstructive sleep apnea; RT, recurrent tonsillitis.
aBleeding category 1 indicates history of bleeding but no evidence of bleeding on clinical examination; category 2, evidence of bleeding on clinical examination and no need for

reoperation; and category 3, emergency reoperation due to bleeding.
bSee the “Procedures” section in the “Methods” for a description of the surgical techniques.
cPatient 84 (bleeding category 3 on day 0) and patient 133 (bleeding category 2 on day 8) had adenoid bleeding on clinical examination. Patient 123 (bleeding category 1 on day

20) and patient 125 (bleeding category 1 on day 4) had anamnestic nose bleeding.
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Sensitivity Analyses
Information on body mass index
and bleeding was available for 175
children. Twelve children (6.9%)
were obese,23 none of whom had
an episode of bleeding. Of the 163
nonobese children, 19 (11.7%)
had an episode of bleeding (P=.21).
For the remaining 3 children with
bleeding, body mass index was
not avai lable ; a l l had received
dexamethasone.

Exposure to ibuprofen at home
remained unknown for 23 children
because parents failed to fill in the
questionnaires. One of these children
experienced a bleeding episode; she
had received dexamethasone, 0.5
mg/kg. In the sample of children in
whom ibuprofen exposure at home
was known (n=190), exposure did
not confound the association and did
not increase the fit of the model to
the data.

When we assumed that none of the
6 children lost to follow-up had bleed-
ing, the adjusted relative risk for any
bleeding with dexamethasone, 0.5
mg/kg, was 6.53 (95% CI, 1.69-16.3)
and for bleeding with evidence at
clinical examination was 7.67 (95%
CI, 1.02-31.7). When we assumed that
all children lost to follow-up had
bleeding, the adjusted relative risk for
any bleeding with dexamethasone, 0.5
mg/kg, was 5.07 (95% CI, 1.70-10.7)
and for bleeding with evidence at
clinical examination was 4.94 (95%
CI, 1.16-14.2).

Surgical Interventions

All interventions were performed by
staff surgeons or by residents under the
supervision of staff surgeons. Twenty-
two surgeons performed the opera-
tions; they were equally distributed
among the study groups. Children who
had bleeding were operated on by 9 sur-
geons (41% of all surgeons) who per-
formed a total of 162 surgeries (76% of
all surgeries). For these 9 surgeons, the
median ratio of the number of per-
formed surgeries per number of sub-
sequent bleedings was 7 (range, 4-16)
(Table 4).

COMMENT
The 2008 guidelines of the Associa-
tion of Paediatric Anaesthetists of Great
Britain and Ireland conclude that in
patients undergoing tonsillectomy,
“dexamethasone 0.15 mg/kg provided
good reduction in postoperative vom-

iting with no adverse effects.”24 Expert
panels have recommended the wide-
spread use of dexamethasone in surgi-
cal patients.7 Prophylactic dexameth-
asone has become standard care in
children undergoing tonsillectomy in
many institutions.8-10,12 Several authors

Figure 2. Proportion of Children With an Episode of Bleeding in the First 21 Days After
Randomization
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Table 5. Rates of Postoperative Bleeding

No./Total
(%)

Relative Risk
(95% Confidence Interval)a

P
ValuecUnadjusted Adjustedb

Any bleeding, with or without
evidence at clinical examination

Placebo 2/53 (4) 1 [Reference] 1 [Reference]

Dexamethasone, mg/kg
0.05 6/53 (11) 3.00 (0.63-14.2) 3.29 (0.70-11.3)

.003
0.15 2/51 (4) 1.04 (0.15-7.10) 1.19 (0.16-6.91)

0.5 12/50 (24) 6.36 (1.50-27.0) 6.80 (1.77-16.5)

Bleeding with evidence at clinical
examination, with or without
reoperation

Placebo 1/53 (2) 1 [Reference] 1 [Reference]

Dexamethasone, mg/kg
0.05 5/53 (9) 5.00 (0.60-41.4) 5.65 (0.69-27.5)

.03
0.15 1/51 (2) 1.04 (0.07-16.2) 1.27 (0.08-15.4)

0.5 7/50 (14) 7.42 (0.95-58.2) 8.04 (1.08-32.1)

Reoperation due to bleeding
Placebo 0/53 NA NA

Dexamethasone, mg/kg
0.05 3/53 (6) .24d

0.15 1/51 (2) .49d

0.5 4/50 (8) .05d

Abbreviation: NA, data not applicable (0 events in placebo group).
aRelative risks compare each dexamethasone group with placebo.
bAdjusted for age. Adjusting for surgical technique, surgical indication, exposure to nonsteroidal anti-inflammatory drugs

during the first 24 hours, or vomiting during the first 24 hours did not change the estimates and did not increase the fit of
the model to the data.

cP Value by likelihood ratio test comparing a multivariate model including dexamethasone dose with a nested model
excluding this variable. Hosmer-Lemeshow test for goodness of fit (10 quantiles) was greater than 0.75 for adjusted
models.

dBy Fisher exact test.
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have suggested that dexamethasone
should be given in considerably higher
doses than what we tested.13-16

Our trial showed that dexametha-
sone significantly and dose-depen-
dently decreased the incidence of PONV
in children undergoing tonsillectomy.
Dexamethasone also decreased the need
for rescue analgesia with ibuprofen.
However, dexamethasone was associ-
ated with a significant increase in the
risk of postoperative bleeding.

Observational studies have reported
an association between steroid expo-
sure and an increased risk of bleeding
in the context of tonsillectomy.25,26 A
case-control study reported a signifi-
cant annual 15% increase in posttonsil-
lectomy hemorrhage, and the authors
suggested that this may be partially re-
lated to the increased use of periopera-
tive steroids.26 A retrospective chart re-
view of 430 tonsillectomy patients found
that the use of intraoperative steroids,
among other factors, was positively cor-
related with postoperative bleeding;
however, curiously, the authors con-
cluded that the use of steroids could
probably be discounted as a causative
factor.25

Previously published trials that stud-
ied the impact of dexamethasone on
PONV in children undergoing tonsil-
lectomy were small27,28 or their obser-
vation periods were short.13,16 If we had
restricted our observation period to 24
hours, we would have identified an an-
tiemetic dose response with dexameth-
asone without any evidence of an in-
creased bleeding risk and concluded
that dexamethasone, 0.5 mg/kg, was ef-
ficacious and safe.

The association between dexameth-
asone and increased risk of bleeding
was unexpected, and alternative
explanations should be explored.
Chance is an unlikely explanation for
our finding, as reflected by P values
below the conventional .05 signifi-
cance level . Selection bias was
unlikely too; group assignment was
allocated through randomization.
Concealment of al location was
ensured by the hospital pharmacy,
and anesthetists, surgeons, patients,

and investigators were blinded to
study treatments.

We explored potential confound-
ing factors. Surgical techniques were
equally distributed among groups,29 and
we were unable to identify any cluster-
ing of the surgeons among the differ-
ent groups. The baseline risk was not
excessively high; similar rates of reop-
eration after tonsillectomy have been
reported before.4,5 Also, the distribu-
tion of surgical indications was simi-
lar in the entire cohort and in the sub-
group that had bleeding.

Residual confounding is possible.
We cannot rule out that some chil-
dren had an unrecognized hemostasis
disorder. The most common heredi-
tary coagulopathy, von Willebrand
disease, affects about 2% of the popu-
lation.30 Theoretically, about 4 chil-
dren may have had von Willebrand
disease; they may have all received
dexamethasone and none placebo.
We cannot rule out that a child with
von Willebrand disease bled because
of the underlying disease rather than
the dexamethasone. We abstained
from performing preoperative blood
tests.17 However, those with a sus-
pected coagulation disorder or those
taking anticoagulants, aspirin, or clas-
sic NSAIDs did not undergo tonsillec-
tomy.

Several arguments suggest that the
association between dexamethasone
and bleeding should be considered
causal. Reverse causality can be ex-
cluded. The magnitude of the associa-
tion was strong; with the largest dose
of dexamethasone, the bleeding risk ap-
peared to be 4 times higher than the risk
associated with classic NSAIDs.4,5 A bio-
logical basis for the increased bleed-
ing risk would support causality. Dexa-
methasone was shown to interfere with
platelet aggregation in animals,31 but in
humans, glucocorticosteroids did not
impair platelet function or primary he-
mostasis.32 An increased bleeding risk
associated with dexamethasone in the
absence of a preliminary lesion seems
unlikely. In infants with bronchiolitis
who received high doses of dexameth-
asone, no bleeding was reported.33 Con-

comitant use of NSAIDs may have re-
inforced the bleeding risk. The risk of
gastrointestinal hemorrhage in pa-
tients taking classic NSAIDs is largely
increased by concomitant glucocorti-
costeroids.34 One of our initial hypoth-
eses was that children who were ex-
posed to dexamethasone would need
less NSAIDs postoperatively and, sub-
sequently, would be less prone to bleed-
ing. Yet the risk of bleeding was in-
creased in children who received
dexamethasone although they were sig-
nificantly less frequently exposed to
ibuprofen. This observation further
strengthens the additional bleeding risk
that is associated with dexametha-
sone.

The most convincing biological ex-
planation might be related to inhibi-
tion of repair processes of wounds by
glucocorticosteroids35 and to delayed ul-
cer healing.36 Ulcer healing is a pro-
grammed and complex repair pro-
cess.35,37 Epidermal and basic fibroblast
growth factors regulate the process of
mucosal healing and are inhibited by
dexamethasone.38-40 Dexamethasone de-
creases collagen deposition, epitheli-
zation, and fibroblast content of surgi-
cal wounds.41 This would explain why
bleeding sometimes occurred several
days after administration of dexameth-
asone.

Dose responsiveness for the bleed-
ing potency of dexamethasone would
further support causality. There was no
evidence against a statistically signifi-
cant linear trend for any bleeding. How-
ever, with the lowest dose, the risk ap-
peared to be greater than with the
medium dose. This observation has
both methodological and clinical im-
plications. First, absence of a consis-
tent dose response does not necessar-
ily mean that there is none. Our trial
was designed to test the antiemetic dose
response of dexamethasone; the doses
were chosen accordingly. Lower doses
need to be tested to identify a possible
bleeding-inducing dose response of
dexamethasone. The clinical message
is that we cannot conclude with con-
fidence that dexamethasone doses be-
low 0.5 mg/kg are safe.
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The problem of early termination of
our trial should not be disregarded.42,43

Stopping early for evidence of harm has
the same potential to exaggerate the
magnitude of harm as would stopping
early for benefit to exaggerate the mag-
nitude of benefit. Against these meth-
odological constraints, ethical issues
needed to be weighed. We considered
it unacceptable to continue recruiting
children in this context.

Tonsillectomy is not comparable
with most other surgical interven-
tions because the wound created by
the excision of the tonsils is neither
sutured nor covered by sealing or
hemostatic material. It remains a
large wound surface, which is cov-
ered by crusting and exposed to
food, inhaled air, and saliva. The vas-
cular supply of the tonsils is rich.
Posttonsillectomy hemorrhage is a
potential ly lethal complication
because the upper airways are unpro-
tected and manual compression is
nearly impossible. If hemorrhage
does not stop spontaneously, reinter-
vention is unavoidable. Blood loss
becomes evident only when the child
is hemodynamically instable or vom-
its the swallowed blood.44

In summary, in children undergo-
ing tonsillectomy, dexamethasone has
a significant and dose-dependent anti-
emetic effect and decreases the need for
rescue analgesia with NSAIDs. How-
ever, it cannot be excluded that dexa-
methasone, possibly through inhibi-
tion of wound healing, increases the risk
of postoperative bleeding in this spe-
cific setting. Randomized trials that are
specifically designed to confirm or re-
fute our findings are needed, although
it may be difficult to perform such trials
in children. Future trials should in-
volve several centers to improve the ap-
plicability of the results. In the mean-
time, and even though dexamethasone
is a potent antiemetic drug, it may be
prudent to avoid it in children under-
going tonsillectomy.
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Many of the brain’s remaining mysteries need for so-
lution mere wiring diagrams; yet a metaphysical halo
lingers about the mystery of self-consciousness. A com-
puter, after all, of sufficient complexity could handle
the stimuli and responses of living without any com-
ponent that says “I.” But within the human—and, dare
we think, the cetacean and simian?—brain there is a
watcher, who always recedes, and who answers ev-
ery question with another question.

—John Updike (1932- )
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